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INTRODUCTION 
For years it has been known that certain cyclic derivatives 
of aliphatic acids show hormone activity as growth regulators for 
some plants, and popular acceptance and application of the regulators 
has been remarkably rapid. Two commercially available growth regu-
lating substances are indoleacetic acid and phenylacetic acid. Others 
also include indolebutyric acid and naphthaleneacetic acids (13). 
There are also certain phenoxy derivatives of acetic acid 
such as 2,4-dichlorophenoxy acetic acid (commonly called 2,4 D), 
which have specific destructive effects to grow;ing plants. Many de-
rivatives of phenoxyacetic acid have been prepared, their physical 
properties determined, and an attempt made to correlate molecular 
structure and physical properties. Among the physical properties 
determined, the degree of ionization (strength of the acid) is thought 
to be an essential factor. Hayes and Bran h investigated the degree 
of ionization and determined the ionization constants of pheno.xyacetic 
acid and many of its derivatives (1)• 
In the present investigation, the degree of ionization of a 
series of cyclohexane derivatives of -substituted aliphatic acids 
was studied, since these compounds are comparable in structure to 
the derivatives mentioned and may have some properties in common. 
The first investigation of any cyclohexane derivative of an 
-substituted aliphatic acid was reported by Wallach in 1907. Wal-
lach synthesized cyclohexane acetic acid by reducing iodocyclohexane 
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acetic acid with zinc in acetic acid solution and reported the acid ' 
as having a melting point of 30° - 31° c. (Jj). The reported melting 
point was found by Hiers and Adams to be in error (.§). Zelinsky 
reported the synthesizing of cyclohexane propionic acid by heating 
hexahydrobenzyl malonic acid to 170° C. (16). The electrolytic 
dissociation constant (ionization constant) of cyclohexane acetic 
acid was reported by two Russian chemists in 1909 to be 2.36 x 10-5 
(17). The same two Russian chemists reported the ionization constant 
of cyclohexane propionic acid to be 1.34 x 10-5 (J:1). These ionization 
constants had apparently been calculated with the assumption that the 
conductance of solutions of all long chain organic acids at infinite 
dilution has a value of 352. This assumption is not verified in any 
more recent chemical literature. 
Hiers and Adams investigated a series of cyclohexane derivatives 
of aliphatic acids(.§), and the following is quoted from Ralston (14). 
These authors subsequently reported the preparation by 
the malonic acid method of a series of -cyclohexane-
substituted fatty acids of the general formula R(CH2)wo2H, 
where R represents the cyclohexane group and N is one to 
twelve. The followin§ physical constants were reported: 
(N, m°C, b4°C, N38, d 8)* 1, 29-30, ll6-117, 1.4537, 1.0020; 
* The symbols have the following meanings: 
N - number of -CH2- groups intervening the cyclohexane 
group and the carbo::xyl group. 
-- melting point in degrees centigrade. 
boiling point at 4mm. of mercury in degrees centigrade. 
refractive index measured relative to the D-line of 
sodium at 38° centigrade~ 
density at 4mm. of mercury measured at 38° centi-
grade. 
2, 15-16, 125-126, 1.4453, 019844; 3, 29-30, 132-134, 
1. 4562, 0. 9693; 4, 6-8, 151-153, 1.4570, 0-9589J 5, 
33-34, 157-158, 1°4580, 0.9506; 6, 25-26, 171-172, 
1.4588, 0. 9436. 
. . . . . . . . . . . . . . . . . . . . . . 
Those containing from three to nine carbon atoms in 
the side chain were reported to possess bactericidal 
activity. 
3 
The synthesis of the cyclohexane derivatives of c..> -sub-
stituted aliphatic acids containing two to eight carbon atoms is 
effected by the malonic ester synthesis from the proper bromide, 
which has been prepared from the corresponding alcohol. The 
condensation product is hydrolyzed to the corresponding dibasic 
acid. Since the dibasic acid loses one mole of carbon dioxide when 
heated, the monobasic derivative is obtained and can be separated 
by distillation under diminished pressure. 
Cyclohexane acetic acid is prepared from cyclohexane bromide 
by condensation with the malonic ester. Cyclohexane propionic and 
cyclohexane butyric acids are prepared by converting cyclohexane 
bromide into the Grignard reagent and treating either with formalde-
hyde or ethylene oxide giving the corresponding alcohols which are 
converted to their bromides and condensed with malonic ester. Cyclo-
hexane valeric and cyclohexane caproic acids are prepared by con-
verting , -cyclohexane ethyl bromide into the Grignard reagent,treat-
ing with fonnaldehyde or ethylene oxide to yield '.J -cyclohexane pro-
panol or ~ -cyclohexane butanol which are converted to their bro-
mides and condensed with the malonic ester. By similar procedure 
S -cyclohexane butyl bromide is converted to € -cyclohexane penty~ 
bromide and f -cyclohexane he:xyl bromide and these in turn to the 
7-and-8-carbon side-chain acids(~). These reactions are summar-
ized in the following table. 
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TABLE I . PREPARATION OF -CYCLOHEXANE ACIDS (HIERS AND ADAMS) 
C6H11oH C6H11Br C(>H11COOH 
c6H11CH(COOR) 2 C6HllCH(COOH)2 C6HuCH2COOH 
.-------' L. L C6H11CH20H __ _, C6H11CH2Br ----+C6H11CHlH(COOR) r C6H11 CHlH(COOH)2 ~ C6\1 (CH2) /OOH 
C6H
11
(CH2) OH --,), C6H11(CH ) 2
Br ---:. C6H
11
(CH ) CH(COOR) c
6
H CH CH(COOH) :--+ C H (CH ) COOH 
r------2 ___ _.J \ 2 2 2 2 11 2 2 11 2 3 
l c6H (CH2)30H C6Hll(CH ) Br ~ C6H11(CH2)4CH(COOR)2~ C6H (CH ) CH(COOH) :::--T'c H (CH ) COOH 
11 23 · 11 24 2 611 24 
c6H11 ( cH2) 4 OH -+C 6H11 ( T2) 4 Br~ c 6H11 ( cH2) 4 CH (COOR) ~ c 6H11 ( CH2) 4 CH ( COOH) p c 6 H11 ( CH2) fOOH 
L; c6Hu (CH2) 50H ~ C6Hn (CH2) 5Br ~ L6H11 (CH2) 5CH(COOR) 2°"C6H11 (CH2) fH(COOH) z- C6Hll (CH2)6COOH 
C6H11(CH2)6OH - C6H11<c, 2)6Br- C6H11(CH2)6CH(COOR)2- C6H11( CH2)6CH(COOH )~ 6Hll(CH2l7COOH 
c::; C6Hu (CH2)70H ---) C6Hll (CH2)7Br ...,. C6Hll (CH2)fH(COOR)2~ C6H11 (CH2)fH(COOH) ~ C6Hll (CH2)8COOH 
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METHOD OF INVESTIGATION 
Since the transport of electricity through a solution depends 
upon the presence of ions, other factors being equal, the conductance 
of the solution is a function of the concentration of ions, and 
from measurements of electrolytic co nductance, information may be 
obtained regarding modifications in the distribution of the ions, 
leading to the formation of ion pairs or to the establishment of a 
covalent union between them. Since electrical quantities lend them-
selves well to measurement and mathematical treatment, the method 
of conductivity is an excellent method of determining the concen-
tration of ions in an electro~ytie solution. The concentration of 
the ions is in turn dependent upon the concentration of the electro-
lyte in solution and also upon the "degree of ionization". 
Instead of measuring conductance directly, it is measured 
indirectly by tbs measurement of resistance. The specific resistance 
(K) of a conductor is defined as the resistance in ohms of a cube 
of the material one centimeter long and one square centimeter in 
cross section. The reciprocal of this quantity is the specific 
conductance (k) of the conduct or. When a cube of the above dimensions 
has a resistance of one ohm, its specific conductance is unity, there-
fore, the specific conductance of a solution is equal to the recip-
rocal of its resistance measured between electrodes one square 
centimeter in cross section and one centimeter apart. It is evident 
that the specific conductance of a solution is equal to the strength 
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of the current which flows when the solution is placed between 
electrodes of the above dimensions between 'Which there is a potential 
difference of one volt. 
E - 1 - k r-=-R - R "" 
Since the specific conductance of a solution depends only on 
the ions of the solute and no~ on the whole of the material between 
the electrodes, a variation in the capacity of the solute molecule 
for conducting electricity, which varies with concentration, cannot 
be determined directly from measurements of specific conductance. 
Such a variation can be determined directly if parallel electrodes, 
kept at a fixed distance of one centimeter apart and which have an 
area such that a volume of solution which contains one mole or 
equivalent of the solute is contained between them, are employed. 
Conductance measured with electrodes of these dimensions is called 
equivalent conductance ( ). If¢ is the volume in cubic centi-
meters which contains one equivalent of the electrolyte, the 
equivalent conductance is represented mathematically as follows: 
.A = ¢k = 
K 
Any cell which would accomodate electrodes of the size de-
scribed would be highly impractical; therefore, a small cell is 
used with small parallel plates placed at a fixed distance apart. 
An electrolyte of known specific conductivity is placed in the cell 
and the conductance measured. Since the resistance offered to a 
flow of current by an electrolyte placed between the electrodes 
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varies inversely with the area (A) and directly with the distance (t) 
between them, the effect of these variables is incorporated in the 
cell constant (c) which corrects for all dimensional deviations 
from standard specifications of the cell employed. Therefore, the 
cell constant is equivalent to L/A. Expressed mathematically: 
R • K(L/A) 
1 _ L - - . K A 1 = R k 
Since L/A = c, the above equation becomes: 
C = Rk 
The expression for equivalent conductance then becomes: 
The ionization constant, K, is computed from the following 
expression (2) : 
K • N ..A.2 
- .A o(-Ao~A ) 
The term N denotes concentration of the electrolyte in moles 
per liter which, for a univalent electrolyte, is equivalent to 
normality and will be used in this sense throughout this paper • 
..A o denotes equivalent conductance at zero concentration which is 
determined by methods described later in this paper. 
Of the different means that have been suggested for measure-
ment of the conductance of solutions Kohlrausch 1 s alternating-current 
bridge method is most widely used (1)• Its general adoption has been 
facilitated by the fact that fairly accurate results can be obtained 
with simple apparatus of a readily accessible kind. The following 
diagram shows the functional parts of a simple apparatus: 
d 
Cell Variable Resistance 
Telephone 
a~------------~---------...,....J b 
Slide Wire c 
High-frequency Current 
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When the current from I reaches a point 11 a11 , it divides and 
travels to 11 b11 by·the paths 11 a Rd R1b 11 and II a c b11 • If the resistance 
of the solution is equal to that of R1 , there will be the same fall 
of potential from 11 a11 to "d11 as there is from 11 a 11 to the middle 
point "c", of the uniform bridge wire, 11 ab11 • Hence, since the points 
"c" and "d" are at the same potential, on connecting these points 
through T, the telephone, no sound will be heard. Ii', however, the 
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point of contact of the telephone with the bridge is moved either to 
the right or left of "c", a current will flow through the telephone 
and a sound will be heard, owing to the potential difference existing 
between 11 d11 and the new point of contact. Whatever the resistances 
of R and R1 , there is some point, "c 11 , on the bridge wire which 
has the same potential as 11 d11 • This point is determined by moving 
the sliding contact along the bridge wire until there is silence in 
the telephone. When this point has been determined, the resistance 
of the solution R is given by the expression: 
R ac 
R' cb 
R - R'ac 
.cb 
When the bridge is graduated into 1000 units and 11 ac 11 is 
equal to 11111 , the expression becomes: 
R = _R_1l _ 
l:000 - 1 
~!hen the value of R has been determined for an electrolyte 
of known concentration, the cell constant and conductance at zero 
concentration being available, the equivalent conductance and 




Ordinary water contains dissolved substances which conduct 
electricity and is unsuitable for preparing solutions for con-
ductance measurements. The water used for preparing solutions 
for conductance measurements int~ following determinations was 
prepared by distilling a good grade of previously distilled water 
containing potassium hy'dro:xide and potassium permanganate from a 
Pyrex flask and a block tin condenser. Only the middle third of 
the water was used, and the water was kept out of direct contact 
with the air. All Pyrex vessels containing conductivity water 
were carefully stoppered with tin foil covered stoppers, and the 
water was always discarded after twelve hours (10 ) . 
Conductivity Apparatus 
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The equipment used in the present investigation was arranged 
for the Kohlrausch Alternating-Current bridge method. The slide 
wire used was a Kohlrausch slide wire, Serial Number 731.457, 
manufactured by the Leeds and Northrup Company, and a Leeds and 
Northrup Wheatstone Bridge, Serial Number 4760, was used as a 
decade resistance box. The modification was effected by making 
connections to the X - 2 and a GA binding posts only. The high-
frequency alternating current was obtained with an Audio-frequency 
Oscillator (1000 cycles), Serial Number 70029, manufactured by 
12 
the Central Scientific Company. The cell employed was a Washburn cell 
with fixed electrodes and designed for measuring conductance of electro-
lytes of intermediate dissociation. The cell was mounted on Plexi-
glass to protect it during use and to provide a means of support. An 
ordinary set of earphones was used to determine the null point of the 
bridge. Constant temperature was obtained by using a Sargent constant-
temperature water bath, Serial Number J-2457, with a deviation less 
than ~0.01° C. A picture of the assembled apparatus is shown on 
page 13. 
Cell Constant 
The electrodes of the cell were first coated with platinum 
black to prevent polarization by having a maximum surface area in 
contact with solution. The platinizing was effected by passing 
a direct current of six volts through the cell which contained a 
solution of 3 g. of chloroplatinic acid and 0.02 g. of lead acetate 
in 100 ml. of water. The current was reversed every half minute 
until an even-velvety-black deposit of spongy platinum was obtained. 
The cell was washed with distilled water, filled with dilute sulfuric 
acid and a current passed through the cell for thirty minutes with a 
reversal of current every minute to remove the occluded gases and 
liquid. The cell was then wash·ed with distilled water and filled 
with conductivity water (11). 
The cell constant was established by determining resistance 
of an electrolyte of known concentration and specific cond~ctance. 
The cell constant was then computed by the standard procedure. 
FIGURE 2. PHOTOGRAPH OF APPARATUS USED 
Potassium chloride was chosen for the electrolyte because of the 
available data of its conductance properties. The salt, a Baker c. P. 
product, was recrystallized twice from conductivity water and care-
fully dried in an oven at 100° c. for one hour (12). A solution of 
the salt was made up gravimetrically to 0.0500N in a Pyrex volumet-
ric flask by weighing out 1.9640 g. of potassium chloride and di-
luting to 500 ml. 
The cell was rinsed thoroughly five times with the solution 
and then filled. It was placed in the thermostat which had been 
carefully adjusted to maintain a temperature of 25 ~0.01° c., 
and after thirty minutes, a resistance was set into the resistance 
box which would give a reading near the center of the slide wire. 
A series of readings with different resistances was then taken. 
The specific resistance of 0.0500N potassium chloride, 0.00666, 
used in the calculation of the cell constant, was calculated from 
the relationship k = A /¢. The value used f the equivalent 
conductance of 0.0500N potassium chloride was 133.33 (~). 
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TABLE J:I. DETERMINATION OF CELL CONSTANT 






























Average R = 112.897 ohms 




























Average R = 112.636 ohms 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 














































































Average R = u2.521 ohms 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 112.567 Ohms 
Average R for all trials= 112.517 ohms 
C = Rh 
C: 112.517 (0.00666) 
C: 0.74936 
Titration of Solutions of the Cyclohexane Derivatives 
of Aliphatic Acids to Determine Concentration 
Since the acids under investigation: cyclohexane acetic, cyclohexane 
propionic, cyclohexane butyric, cyclohexane valeric and cyclohexane caproic 
were only very slightly soluble in water and therefore could not be made 
into standard solutions volumetrically by direct weighing. It was for 
this reason that titration with dilute sodium hydroxide was decided to 
be the most convenient and accurate method for determining the concen-
18 
tration of the solutions. 
Phenolphthalein was the first indicator used and it was found that 
there were great variations in end point, especially when the titration 
flask was rinsed down near the end point. Because of these inconsistent 
results it was decided to run and electrometric titration curve for each 
acid and to determine the correct indicator from the point of inflection 
of each curve. 
The data for the curves was obtained by titrating a 25 ml. 
aliquot portion, taken with a calibrated pipette against a freshly 
standardized solution of dilute sodium hydroxide by means of a 10 ml. 
Kimble Exax micro burette while the electrodes of a Reckman, Model G, 
pH meter were in the solution. The electrodes were glass and saturated 
calomel, and the meter was carefully standardized. 
The acids containing from two to four carbon atoms in the 
side chain were found to have inflection points in their curves 
in the vicinity of a pH of 8, and the acids containing five to six 
carbon atoms in the side chain had a point of inflection in the 
vicinity of a pH of 8.5 (Fig. 3, 4 and 5). Phenol red and cresol 
red were the indicators selected for the two respective ranges. 
The acids, cyclohexane valeric and cyclohexane caproic did 
not give a satisfactory electrotitrimetric curve with a definite 
point of inflection. They gave a doubtful end point, and there was 
no correlation between concentration obtained by titration and their 
conductivity. The conductivity of these acids had to be measured in 
such dilute solutions because of their slight solubility t~at the 
range of the conductivity apparatus was exceeded. For these reasons 
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these acids were excluded from further investigation. 
Phenol red was found to be a very satisfactory indicator for 
titrating cyclohexane acetic, cyclohexane propionic, and cyclohexane 
butyric acids. The end point was very sharp and correlated well with 
the conductivity data. 
TABLE III. ELECTROMETRIC TITRATION DATA FOR CYCLOHEXANE ACETIC ACID 
Normality of Acid= 0,00758 





















Normality of NaOH = 0.02500 
Temperature= 25° C. 





















TABLE N •. . ELECTROMETRIC TITRATION DATA FOR CYCLOHEXANE PROPIONIC ACID 
Normality of Acid= 0.00277 












































Normality of NaOH = 0.02880 
Temperature= 25° c. 

























































CURVE OF CYCLOHEXANE ACET IC ACID 
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ML OF 0 . 02,0 N NAOH 
FIGURE 3 
TABLE V.. ELECTROMETRIC TITRATION DATA FOR CYCLOHEXANE BUTYRIC ACID 
Normality of Acid= 6.00044 







































Normality of NaOH • 0.00340 
Temperature = 25° c. 
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Conductances of the Sodium Salts of 
Cyclohexane Derivatives of Aliphatic Acids 
24 
The equivalent conductance at zero concentration or limiting 
conductance of many electrolytes may be determined by direct measure-
ment and extrapolation with a fair degree of accuracy. However, the 
equivalent conductances of acetic acid and many other electrolytes 
show no tendencies of converging to a limiting value even at extremely 
low concentrations (J) . The latter condition was found to exist for 
the three acids W1der consideration. Many different plots were 
attempted but none yielded values with any degree of consistency. 
An attempt was made to utilize pH data to find the value of limiting 
dilution, but it only indicated that the values for the acids were 
between 350 and 450. Washburn's rule, the Ostwald-Bredig rule, and 
Walden's rule were also found inadequate (l!:~. Empirical equations 
derived by the process of curve-fitting also gave imcompatible results. 
It was then decided to compute the limiting conductance of the 
individual ions by direct measurements of their sodium salts by the 
applicat:i.pn of ion conductances reconnnended by Glasstone (~). Since 
the limiting conductances of the hydrogen ion and sodium ion are 
!mown with a high degree of accuracy, the conductance of the sodium 
salt at infinite dilution can be determined by direct measurement 
and extrapolated because the plot of concentration against equivalent 
conductance is nearly linear and the limiting conductance of the acid 
can be computed wi. th the aid of the following relationships in which 
Xis the organic. ion: 
25 
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TITRATION CURVE OF CYCLOHEXANE BUTYRIC ACID 
















7l ., ' ,. 
11 L O F O . ·o O S 4 N N A O N 
FIGURE 5 
(NaX) - (Na• ) 
(H-+ ) + (X-) 
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The salts of the three acids under investigation were pre-
pared by neutralizing a concentrated solution of sodium hydroxide. 
Care was taken that the sodium hydroxide was in excess. Even 
though the acids are slightly soluble in water, the sodium salts 
of the respective acids were highly soluble and purification was 
extremely difficult. The salts were purified by recrystallizing 
them from water three times and drying on a porous plate. Sodium 
cyclohexane propionate was t~ most difficult to purify and a 
temperature as low as -5° C. 1o1as used to induce crystallization 
from concentrated solutions. 
Each salt was dried on a porous plate in a desiccator for 
twelve hours before being prepared for conductivity solutions. The 
salts were weighed on a fine balance with an accuracy of four decimals 
and diluted to the desired concentration in Kimble Exax 250 ml. 
volumetric flasks with freshly prepared conductivity water. The 
lower concentrations were obtained by dilution, and the equivalent 
conductance was determined by the procedure previously described. 
Conductance at zero concentration was determined by the extrapolation 
procedure described above (Fig. 6, 7, and 8). 
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Average R = 1281.39 ohms 
¢ = 105 
.A = 58-49 






















Average R = 2563.30 ohms 
¢: 2 X 105 
.A = 58.46 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE VI . CONDUCTANCE DATA FOR SODIUM CYCLOHEXA..WE ACETATE (Continued) 
SOLUTION III 



















Average R = 12309.56 ohms 
.¢ = 106 
.A = 60.87 






















Average R = 23182.87 o~s 
¢: 2 X 10 
.A = 64.65 
. . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 98155.53 ohms 
¢ = 107 
..A= 76.34 
-A, ( extrapolated): 88 
CONDUCTANCE OF SODIUM CYCLOHEXANE ACETATE 
l&I 
0 
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~- 10 2 






















Average R = 923.43 ohms 
¢ = 105 
.A = 81.14 
31 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
SOLUTION II 
Normality= 0.0050 Temperature = 25° C. 
Reading 
Number 
















Average R = 1793.72 ohms 
¢ = 2 X 105 
4 = 83.55 
. . . . . . . . . . . . . . . . . . . . . 
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R = 8798.96 Ohms 
¢ = 106 
.11 = 85.16 






















Average R = 17665.04 ohms 
¢ = 2 X 106 
A = 84.84 
. . . . . . . . . . . . . . . . . . . . . . . . . 
)4 
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~- 10 2 
FIGURE 7 
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TABLE VIII. C0111DUCTANCE DATA FOR SODIUM CYCLOHEXANE BUTYRATE 





















Average R = 1297.04 ohms 
¢: 1.11 X 105 
A. - 64.12 






















Average R = 2514. 67 ohms5 ¢: 2.22 X 10 
A : 66.15 
. . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . 
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Average R = 11782.39 ohmg 
¢ = l.ll X 10 
A = 70.59 


















. . . . . . . . . . . . . . . . . . . . . . . . . 





R = 21616.93 ors 
¢ = 2.22 X 10 
.fl= 76.97 
. . . . . . . . . . 
.) ( 
TABLE VIII. CONDUCTANCE DATA FOR SODiill~ CYCLOHEXANE BUTYRATE (Continued) 
SOLUTION V 
Normality= 0.00009 Temperature= 25° c. 
Reading 
Number 















Average R = 89029.07 ohms 
¢ = l.ll X 107-
. A= 93.42 
A b ( extrapolated) = 110 
Conductance of the Three Cyclohexa.ne Derivatives 
of Aliphatic Acids Under Investigation 
The extreme sensitivity of the conductivity method imposes 
the limitation that the electrolyte under investigation be of a 
high degree of purity. In general, compounds prepared from the 
Grignard reagent meet this qualification. But a positive check 
was desired to establish the quality of the acids under consider-
ation. Therefore, the three acids were checked for sulfates and 
chlorides and all tests were negative. The refractive index was 
exactly that quoted in literature. For a direct check, the acids 
were distilled under diminished pressure arrl the conductivity of 
the distilled acids compared with the conductivity of the undistilled 
acids. The comparison revealed that the conductivities oi t he two 
38 




























2 3 4 5 6 7 8 9 
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samples were identical. The distillation under diminished pressure 
provided the ooiling points of the compounds which were found to 
agree with those quoted in the literature. On the basis of the evi-
dence yielded by these investigations, the acids were investigated 
by the conductivity method without further purification (Jdt). 
The solutions for the determination of conductivity were 
prepared by distilling 250 mL of conductivity water into each of 
five 300 ml. Pyrex flasks. With the aid of a dropper one, two, 
three, four, and five drops of the acid under investigation were 
added to the flasks which were marked with respect to the amount of 
acid that the solution contained. The flasks were immediately 
stoppered with foil-covered stoppers. This method of preparation 
provided solutions whose concentrations were between the upper 
limit of solubility of the acid and the sensitivity of the con-
ductivity apparatus. 
The conductivity cell was washed horoughly with the least 
concentrated solution five ti.mes, filled with the solution, placed 
in the thermostat, and after thirty minutes had elapsed for the 
cell and solution to come to the temperature of the thermostat, a 
series of slide wire readings was taken with different resistances. 
Two 25 ml. aliquot portions of the solution remaining in the flask 
were taken with a calibrated pipette and titrated with dilute 
freshly standardized sodium hydroxide using phenol red as an in-
dicator. A Kimble Exax 10 ml. micro burette was used. The same 
procedure was repeated for the remaining four solutions and three 
40 
to four complete runs of five concentrations were performed on each 
acid. Once started, the investigation was co ntinued without stopping 
until the conductivity of the five solutions of different concen-
trations had been determined. 
The conductance at zero concentration for each of the three 
acids under investigation was computed with the equations listed 
in this section of this paper devoted to the investigation of the 
conductances of the sodium salts of t he respective acids. The 
value used for the sodium ion was 50, and the value used for the 
hydrogen ion was 350 (£)• 
Cyclohexane Acetic Acid 
88 - 50 = 38 
38 + 350 • 388 
4 = 388 • 
Cyclohexane Propionic Acid 
125 - 50 





Cyclohexane Butyric Acid 
110 
~50 + 
50 = 60 
60 = 410 
JL. = 410 
The concentration was plotted against the equivalent con-
ductance for each acid and the curves were similar in shape (Fig. 
9, 10, and 11). 
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TABLE IX. , CONDUCTIVITY DATA FOR CYCLOHEXANE ACETIC ACID 
























..A0 = 388 
TRIAL A 
Solution I 

























R = 13,492 ohms 
¢ =578,034 
A = 32.10 
K = 1.29 x 10-5 


























. . . . . . . . . . 
Solution II 














. . . . . . . . . . . 











R = 8,852 ohms 
¢ = 299,401 
A= 25.34 
K = 1.52 X 10-5 
. . . . .. . . . . 
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Average R = 6,769 ohms 
¢ = 173,310 
A = 19.18 
K = 1.48 x 10-5 

























. . . . . . . . . . . . . . . 
Solution rv 

























R = 5,718 ohms 
¢ = 131,926 
A = 17.28 S 
K : 1.57 X 10-
. . . . . . . . . . . . . . . . . . . . 
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Average R = 5,119 ohms 
¢ = 103,950 
It. = 15.21 
K = 1.53 X 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
TRIAL B 
Solution I 
Normality= 0.00072 Temperature = 25° C. 
Reading 
Number 


























R = 20,939 ohms 
¢ = 1,388,888 
A = 49.70 5 K = 1.32 x 10-
. . . . . 
-
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Average R = 12,055 ohms 
¢ = 543,478 
./1 : 33. 78 
K = 1.52 x 10-5 















. . . . . . . . . . . . 
Solution III 














Average R = 9,943 ohms 
¢ = 371,747 
A =- 28.01 
K: 1.51 X 10-5 
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Average R = 8,293 ohms 
¢ = 267,379 
A = 24.15 
K = 1.57 x 10-5 
. . . . . . . . . . . . . . . . . . . . . 
Solution V 
Normality= 0.00435 Temperature= 25° C. 
Reading 
Nmn.ber 


























R = 7,726 ohms 
¢ = 22.29 
A = 22. 29 
10
_5 K = 1.52 x 
. . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 17,760 ohms 
¢ = 1,176,470 
A: 49.63 5 K : 1.58 X 10-
. . . . . . . . . . . . . . . . . . . . . . 














Average R = 11,788 ohms 
¢ = 537,634 
A = 34.17 
K = 1.58 x 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 10,430 ohms 
¢ = 420,168 
A : 30.18 
K = 1.59 x 10-5 































R = 8,646 ohms 
¢ = 296,735 
.I\. = 25.71 
K = 1.58 X 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . . 
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. . . . . . . . . . . . 
Solution V 














Average R = 7,553 ohms 
¢ = 230,414 
A = 22.85 
K = 1.52 x 10-5 















. . . . . . . . . . . . . 
TRIAL D 
Solution I 














Average R = 21,214 ohms 
¢ = 1,515,151 
.L1 = 52.95 5 K = 1.39 X 10-
. . . . . . . . . . . . . 
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TABLE IX. . CONDUCTIVITY DATA FOR CYCLOHEXANE ACETIC CID C ntinued) 






























R = 15,872 ohms 
¢ = 09,090 
A= 42. 91 
K = 1. 51 x 10- 5 
. . . . . . . . . . . . . . . . . . . . . . . 
Solution III 






























R = 10,946 ohms 
¢ = 454,545 
.LI. = 31. ll -5 
K = 1.53 x 10 . . . . . . . . . . 
50 
















Temperature= 25° c. 
Resistance 
Box 











Average R = 10,644 ohms 
¢ = 431,034 
.i1 = 30.34. 
K = 1.53 X 10-5 
















Temperature= 25° C. 
Resistance 
Box 











Average R = 9,166 ohms 
¢ = 321,543 
A= 26.28 
K = 1.53 x 10-5 
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7 8 9 
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Average R =24,446 ohms 
¢ = 1,589,301 
= 48.82 
K = 1.0 x 10-5 















. . . . . . . . . . . . . 
Solution II 
















R = 15,337 ohms 
¢ = 680,272 
A= 33.23 x 10-6 K = 9.74 
. . . . 
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R = 11,879 ohms 
¢ = 438,596 
A.= 27.66 
K: 9.22 x 10-6 






























Average R = 10,86.3 ohms 
¢ = 361,010 
A= 24.90 
K = 1.01 x 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 































Average R = 9,885 ohms 
¢ = 304,878 
A = 23.11 































Average R = 22,419 ohms 
¢ = 1,282,051 
..t1 = 42.84 6 K = 8.22 x 10-
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
55 
TABLE X- CONDUCTANCE FOR CYCLOHEXANE PROPIONIC ACID (Continued) 





























Average R = 15,124 ohms 
¢ = 657,894 
A= 32.59 6 69 X 10-K: 9. 
. . . . . . . . . . . . . . . . . . . 





























Average R = 11,615 ohms 
¢ = 420,168 
.A : 27.10 
K = 1.03 x 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 10,744 ohms 
¢ = 361,010 
A = 25.10 






























Average R = 9,218 ohms 
¢ = 266,666 
A= 21.61 5 K = 1.02 X 10-
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Average R = 25,120 ohms 
¢ = 1,694,915 
A= 50.55 _6 K = 9.47 X 10 






























Average R = 16,321 ohms 
¢ • 800,000 
A = 36.72 
K: 1.02 x 10-5 
. . . . . . . . . . . . . . . -~ . . . . . . . . . 
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Average R =13,122 ohms 
• 526,315 
A= 30.05 
K = 1.02 x 10-5 






























Average R = 12,280 obms 
¢ = 458,715 
A = 27.98 
K = 1.01 X 10-5 
. . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE X, CONDUCTANCE FOR CYCLOHEXANE PROPIONIC ACID (Continued) 















Tel.llperature = 25° C. 
Resistance 
Box 











Average R= 9,151 ohms 
¢= 277,008 
A - 22,68 K; 1,09 x 10-5 
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VN"° I 10 2 
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TABLE XI. CONDUCTANCE DATA FOR CYCLOHEXANE BUTYRIC ACID 
..../.10 = 410 
TRIAL A 
Solution I 
Invalid because of mechanical failure. 
. . . . . . . . . . . . . . . . . . 
Solution II 
Invalid because of mechanical failure. 





















Average R = 32,628 ohms 
¢= 2,702.702 
A= 62.06 S 
K: 1.0 x 10-
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE XI. CONDUCTANCE DATA FOR CYCLOHEX.ANE BUTYRIC ACID (Continued) 






















Average R = 32,216 ohms 
¢ = 2,272,727 
A= 52.86 _6 K = 8.4 x 10 






















Average R = 61,199 ohms 
¢ = 6,250,000 
.A = 76. 52 
K = 6.85 X 10-6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE XI. CONDUCTAI CE DATA FOR CYCLOHEX.ANE BUTYH.IC ACID ( Continued) 





















Average R = 38,491 ohms 
¢ = 3,571,428 
A= 69 . 52 X 10-6 
K = 9.69 
























Average R = 18,932 ohms 
¢ = 1,020,408 
ft= 40.38 -5 
K: 1.07 X 10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 






















Average R = 50,077 ohms 
¢ = 5,000,000 
A : 74.81 6 K = 8.14 x 10-






















Average R= 67,060 ohms 
¢ = 8,333,333 
A : 98.ll b 
K = 8.82 X 10-
o, 







































3 4 5 6 7 8 9 
v-;;-. 10 2 
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CONCLUSION 
The ionization constants have been determined for cyclo-
hexane acetic, cyclohexane propionic, and cyclohexane butyric acids 
by the conductivity method. The values listed below are the most 
probable ionization constant for each acid. The most probable 
ionization constant was obtained by the method of averages. Since 
the ionization constants of these acids are in the vicinity of that 
of acetic acid, it was deemed unnecessary to apply the water correc-
tion (2). The most probable ionization constants for the three 
acids are: 
Cyclohexane Acetic Acid K = 1.50 X 10-5 
Cyclohexane Propionic Acid K = 9.91 X 10-6 
Cyclohexane Butyric Acid K = 8.82 X 10-6 
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